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Lighting: the progress &
promise of LEDs 
Advances in light output power from LED
sources continue, with one of the latest
markers being the development of a 1200
lumen white LED lamp by Cree. (It would be
equivalent to a 75W incandescent bulb.)
Although it is still a long way from 
commercial availability, it is one of the 
latest milestones  towards developing 
general lighting products from solid state
light sources.
The laws of physics are not on the side
of the conventional lighting sources with
the incandescent lamp being only about
5% efficient (much less for colours) and
the fluorescent lamp about 27% (70% for
the ultraviolet output, but the remainder
is lost by a factor of 0.3 to the Stokes
(wavelength) shift that provides the
white light).The dimming efficiencies of
the two main lighting sources are also
poor -- 50% dimming of a tungsten 
filament still draws 85% of the power,
and fluorescents have little dimming
capability. LEDs have many advantages
and they are revisited in Table 1.
The important ones are exceptional flux
range, dimming without efficiency loss,
power conversion efficiency and a very
efficient colour emission, with almost a
single wavelength output. By compari-
son, the overall LED efficiency is little
restricted by the laws of physics but at
this time, it suffers from a collection of
troubles --- difficult materials, high defect
levels, hetero-substrate growth, badly
behaved photons, leaking carriers, low
light extraction and others.
In spite of these drawbacks, they already
constitute a multi-billion dollar commer-
cial market and the LED related manufac-
turing and application technologies are
constantly improving.
Although there may be a few excep-
tions, all the listed advantages are 
providing the incentive for long term
R&D goals and include solid state light-
ing initiatives in North America, Japan
and Europe, with others to follow.
Some, such as the US Next Generation
Lighting Initiative (NGLI), have yet to
emerge from the halls of government
politics, despite more than three years
of annual consideration. NEMA-support-
ed, and as yet unfunded, members of
the US NGLI alliance are shown in 
Table 2.
The expectations from these long term
projects are for LEDs to offer a solution
to any lighting application on earth by
2015 in the 10 to one million lumen
range (LEDs already dominate the 10
micro- to 10 lumen range of lighting
applications) and the LED to be the dom-
inant lighting technology by 2025.
Should these goals come to fruition, then
up to 40 gigawatts a year could be saved
in the USA alone, equivalent to about 150
million tons of coal.The actual savings
could be larger if the air conditioning
load for ‘conventional’ lighting is taken
into account! There may be action in
2004 for NGLI, because the Department
of Energy does not wish to hold back
funding for such important work and is
expected to request quotes before mid-
year. If it is up to Congress, it looks like
2005 would be the earliest!
Bandwidth forever!
In today’s electronics applications, we are
constantly reminded about the benefits
of higher frequencies and the benefits
that accrue from the bandwidths avail-
able at gigahertz frequencies (by allotting
sub-megahertz operational bands for 
various electronic and communication
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• Exceptional flux range
• 12 orders of magnitude: 10µlm
to 10Mlm
• Large dimming range without
efficiency loss
• Unlimited colour control
• Rapid brightness and colour
changes
• Cold source, compact optics
designs
• Better light distribution 
efficiency
• Longest lamp life
• Best power conversion efficiency
• Competitive life-time system 
cost
Table 1: Advantages of LEDs
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applications). However, we of the scien-
tific community (and also the non-techni-
cal community) rarely consider the fre-
quency of light, since we tend to turn on
or off the whole spectrum.
Should we develop the same ability (as
in electronics) to divide electromagnetic
radiation from the visible wavelengths
into smaller sub-bands, we would have
about one thousand times more band
width available! 
Why? Because the wavelengths of visible
light are shorter than the sub-millimeter
frequency range.This equates to the red
to violet wavelengths of the spectrum
covering a frequency range from about
400,000 to 800,000 gigahertz or more
than 1000 times the RF wavelengths in
use today.
If we kick in some of the infrared or
ultraviolet spectra, one could add in two
additional frequency ranges, with about
one order of magnitude times the visi-
ble values or 40 million to 80 million
GHz from the UV alone. So, if anyone is
looking for a (human) lifetime work
project that could provide communica-
tions bandwidth forever, plus fame and
fortune for the provider --- here it is.
How can we do this? --- by applying
some of the unique properties of our
ubiquitous LEDs! The allocating of a few
small sections of the visible spectrum
will also be required.The lighting appli-
cations may be simpler, but will result in
the availability of any lighting or spec-
tral distribution desired --- candle light,
firelight, sunlight, moonlight or your
own choice! 
Steve Paolini of Lumileds has stated that
if the future lighting sources for these
idealised conditions are also modulated
at high frequencies (in 100MHz band-
widths), accurate transmission of data
would be possible at the same time.
Additionally, complete and secure data
bases would be available anywhere, any-
time in closed spaces such as buildings
or transport vehicles and on military 
platforms, wherever light is accessible! 
Exploitation of the visible spectrum in
the 21st century may have as big an
effect on civilisation as the use of the
radio frequency spectrum did in the 
earlier 20th century.
Phosphors progress in
Japan
Most of today’s LED produced white
light, which is also the major LED market
segment, is a result of phosphor/blue
LED combinations. It probably will be
the main market driver for some time,
even though the individual red, green,
blue (RGB) LED sources may eventually
win out because of their higher overall
power efficiency (no Stokes shift loss).
Progress continues for the phosphor
based LEDs in both light output and 
efficiency due to higher LED efficiencies
and to the development of phosphors
more compatible with blue or near-UV
LED light.
The Japanese government has supported
several programmes around this topic
since 1998, including “The Light for the
21st Century”and MEXT which finished
in 2003.These were part of an effort to
reduce carbon dioxide emissions, based
on energy savings.
Medical applications were also of interest
and have resulted in an LED endoscope
that provides superior imaging of the oral
cavity. The original phosphor pseudo-
white LED from Nichia, whose derivatives
still have a significant market share, was a
combination of the blue LED and a yellow
phosphor, but addition of a red phosphor
to the mix has improved efficiency and
the colour rendition index of the emitted
light.
At the recent Strategies in Light Meeting
in San Mateo California,Tsunemasa
Taguchi from Yamaguchi University
reported some of the results/advances
from this programme (See Table 3 for
technical data and timing).
Improved white output phosphor per-
formance was reported from blue LEDs
(about 400nm wavelength) and UV LEDs
(below 380nm) when combined with
RGB phosphors and also from a four
phosphor combination, emitting in the
orange, yellow, green and blue (OYGB)
regions.
The improved RGB phosphors produced
over 35% external efficiencies, 30 lumens
/watt with a colour rendition exceeding
90 from 405nm light and over 60 lumens
/W from a 460nm source. However, the
highest light outputs, combined with the
highest external efficiency values with
Alliance members at the end of 2003:
• Corning, Inc   
• Cree, Inc   
• Eastman Kodak company   
• General electric company   
• GELcore, LLC   
• Lumileds Lighting, LLC   
• Osram Opto semiconductors   
• Philips Electronics North America corporation
Courtesy D.Work - Philips
Table 2: The next generation 
lighting industry alliance - making
solid state lighting a reality
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high colour rendition (exceeding 93)
were claimed for the OYGB phosphor
combination.A follow on MEXT pro-
gramme (2004-08)  is hoped will provide
120 lumens/W white LEDs by 2010.
HB LED hub changes
During the last five years, high volume
high brightness (HB) LED production has
shifted from Japan, Europe and the USA,
because of huge investments in LED pro-
duction equipment by Taiwan.The initial
production target was AlInGaP LEDs (of
which Taiwan now has about 80% world
share). Most recently the investment was
for GaN emitters. Consequently, in a
decade,Taiwan has migrated from being
a major LED packaging centre to the HB
geo-centre of the world, both in unit vol-
umes and market value of production.
Robert Walker,YEBY Associates, reports
the current production of Taiwan GaN
based LED chips to be about 750,000
monthly or about 40% of world markets.
This is a ramp up of about 700% from
2002, a situation he describes as Bleeding
Edge Technology (from the viewpoint of
regions that have lost LED market share).
It is still not a stable situation.Taiwan has
over 250 MOCVD reactors and continues
to expand, with Korea and China aggres-
sively joining in HB LED production.
China has a significant internal demand
for standard HB LEDs, but it also con-
sumes a large number of non-specifica-
tion LEDs for toy and other applications.
These are not usually included in market
estimates, being sold by weight (rather
than as individual die), usually in the $20-
$30,000 per pound range.
As may be anticipated, very strong com-
petition exists and severe price erosion
has occurred in GaN LED prices during
the last couple of years (from about 30c
to 7c per die).Taiwanese LED chip mar-
ket value also began to decline early last
year and was reported (by Robert) to
have recovered to March 2003 levels by
2003 year end, even though chip unit
shipments had doubled. Some companies
run at about 50% of capacity, but the
leaders are operating at or near capacity,
hence the purchase of additional epi-
reactor units for 2004.
In general, chip capacity is expected to
grow by more than 50% in 2004 to sup-
ply the ever-growing HB LED markets.
Thus,Taiwan will remain the market
leader in mid-range LED production for
some time, with many chips being con-
sumed locally in Asia.
If one wishes to be a player in this huge
market, consider going to Taiwan, or visit
the “Blue 2004 Conference” there and
take in local industrial LED attractions,
since it will be held in Hsinchu,Taiwan
this May. (Web: http://www.three-fives.
com/WZ/III-Vs/events). Many things
change in today’s world, but one con-
stant remains --- progress in HB LEDs!
Dr Alan Mills, US contributing editor
reports from San Francisco.
Table 3:  Research history on development of white LED’s between 1997 and 2003 in Japan
Year Key issues on research and development of external quantum Company and institute
efficiency luminous efficiency, and colour rendering index
1997 Binary complementary colour white LED composed of blue LED and Nichia Chemical Industries
YAG:Ce yellow phosphor LDC back lighting
1998 True white LED based on near UV LED (-400nm) and RGB tri-colour phosphors. “The Light for the 21st Century”
National Project
Objective: (METI/NEDO/JRCM and 
Yamaguchi University)
1) External quantum efficiency (ηe) of near UV LED’s: 40%
2) Luminous efficacy (K) > 60 lm/W by 2003, and 120 lm/W by 2010
3) General colour rendering index (Ra): >90 (white LED for general lighting)
2001 The first appearance of RGB white LED (382nm, EQE = 24%, 10 lm/W) “The Light for the 21st Century”
National Project
2001~ Commercially available RGB white LED’s Toyada Gosei
2002   Jan ηc = 31% (at 399nm), K = 30 lm/W “The Light for the 21st Century”
National Project
Aug ηd = 35% (at 460nm) Nichia Chemical Industries
Dec ηe = 43% (at 405nm) “The Light for the 21st Century”
National Project
2003   Jan ηe = 43% (405nm), 30-40 lm/W, Ra >90 “The Light for the 21st Century”
ηe = 35% (460nm), 61 lm/W National Project
May 1) RGB white LED: 30 lm/W, Ra >90 (chip type) Nichia Chemical Industries
2) OYGB white LED: 50-60 lm/W, Ra >93 Mitsubishi Cable Industries and 
Yamaguchi University
Courtesy T. Taguchi
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